Specification 

YIELD/QUALITY IMPROVEMENT USING CALCULATED FAILURE RATE 
DERIVED FROM MULTIPLE COMPONENT LEVEL PARAMETERS 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates generally to testing and evaluation of electrical or 
magnetic devices, and more particularly to methods of increasing yield and quality of 
devices by considering multiple performance parameters. 

10 Description of the Prior Art 

Electronic components such as integrated circuits and disk drive heads often fail 
due to flaws or marginal performance resulting from variability in the manufacturing 
process. Components are shipped or incorporated into larger assemblies. Certain 
qualities of these components influence the performance of the completed assembly. 

15 In the semiconductor field, to minimize failures in the field, manufacturers 

routinely test components to screen out defects and ensure quality levels shipped to the 
consumer. A certain quantity of parts shipped or incorporated into larger assemblies will 
eventually fail to function after running in a use condition for some period of time, due to 
"reliability defects" which are not apparent until after the parts have been used for some 

20 period of time. It has become common practice to use an acceleration technique called 
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"bum in" as part of their production test procedures. Bum-in generally consists of 
exposing the part to extremes of voltage and temperature, in order to screen out many 
reliability defects in their products before shipping the parts to the consumer, with the 
expectation that a lower quantity of reliability failures will occur. 
5 In order to reduce the time and expense of component bum-in, "binning" systems 

have been developed, by which components are separated into separate bins based on 
certain criteria that reflect on the expected reliabiUty of the components. For example, it 
has been discovered that the likelihood of a component that passes a particular type of 
testing having a latent defect increases with the number of neighboring components that 

10 fail this same type of testing. By "binning" those components that pass this particular 
testing into separate groups depending on how many of its neighbors failed this same 
testing, the components are separated into groups expected to have greater or lesser 
degrees of early life reliability. 

In the disk drive industry, heads may be built into several models of hard disk 

15 drives, each with different relative sensitivities of soft error rate (SER) to various 

parameters measured to characterize the heads. Heads can be segregated and used in the 
model in which their SER is likely to be best. This segregation is referred to as binning. 
Heads which are very likely to produce poor SER in the disk drive may be scrapped at 
component level, saving the expense of further processing and assembly. 

20 As there are multiple factors that can be observed as the criteria for the binning 

process, the process can become very complex, with multiple parameters to be 
considered. As it is important that potentially defective components be screened out, it is 
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also important that marginal components be evaluated in a manner which does not 
exclude too many which may in practice tum out to be acceptably reliable. As an 
example, a disk drive read head may have, among other qualities, the qualities of 1) 
amplitude, meaning the amplitude of the signal it is capable of producing in a imiform 
5 quasi-static magnetic field, and 2) recession, meaning the relative amount of distance that 
the head is positioned relative to the data medium that it is reading. In prior art binning 
systems, components may be screened for each of these parameters, perhaps given a 
rating firom 1-10 on the scale of the qualities. There may be a cut-off point established 
for acceptability, so that, for instance, for amplitude, a relative value of 5 is required, so 

10 that a component with a rating of 6 is acceptable, and one with a rating of 4 is rejected. 
Separate criteria for recession may be also established so that any component with a 
recession value of 5 or better is acceptable, meaning that it is not receded from the disk 
surface too much. Components which are receded may have values of 4 or less as their 
recession distance increases. A prior art binning system may look at each of these factors 

1 5 and assign a "go, no-go" evaluation based on each of these independent parameters. 

However, there will exist some components in which there is a compensation 
effect in these two factors that can be considered. For example, a component may have 
an unacceptable "recession value" of 4, but have an "ampUtude value" of 7, meaning that 
the head recession places it farther away than is desirable, but the amplitude of signal 

20 generated may be large enough compensate for this, so that, although the magnetic field 
that drives the head may be attenuated by too great a distance between the sensor and the 
media, the signal that it produces is large enough that the end result will be acceptable. A 
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^„.Ha..eiecU«>Uco,„po„c«.o.a>ebasisofU,esi.g.e"— value- wiUbe 

„as«ng a component that in practice may function perfectly. 

,he current manufacturing process, .her. may be 28 or more such parameters to 
^einto account. Itcaneasilybeseenthatifeachcomponen. is assi^e^apass-fat. 
5 ,.agmen.hasedon.heseparametersconsidereaindependent.,,manycomponentsw^^^ 

fail needlessly and yields wiU be lower than necessary. 

TT^^Ucanbeseenthatne^dsexistfor improved systems andmethods for 

determininsthereliahiUtyofelectroniccomponentswhichconsiders^teinteractionof 
^uitipleparametersand their interactive effeotonoverallreliability. 

c.,.«M AP V OF TIP' INVFNTIOM 

A method for improving yields in manufacturing processes is presented. The 
„..hodincl„desidenti.yingparam^wbichaffectperformancea.asubse,uents.epm 

a,epr„cess.c„.lectingda.aconce™i„g.ndividualperformanceparame.ers,creatinga 
.fo^cesca.ewhichcorrelateshtdiv.dualparameterswithperfo™anceatasubse,ue„. 
,5 step.testingamanufacturedunittocollectperformanoedataco„ceming.woormoreof 

0,. individual parameters f^m a manufactured unit, comparing performance data 
.ncemurgtv-oormoreoftheindividualparameters^mthemanufacturedunittotbe 

^scaletoassi^aprobabilityoffarlureatasubse^uentstepforeachofthesingle 
pe*rmanceparame,ers,ca,cu.atingaprojec.FRa.evalueconcemingmult,ple 
,0 perfo,manceparameters,.mtheyie,d,oss,i.resforeachof.hesingleperformance 
parameters, a„duti,izingtheproiec.FRatevaluetosortuni.s..t.spossible.hat.he 
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projectFRate value can then be corrected to yield a calFRate, or used to produce a 
correlation of actual yield loss, or used directly as a Figure of Merit (FOM) for binning 
purposes. Once units are sorted and eventually installed or utilized, performance data can 
be gathered to make adjustments to the calFRate in an on-going effort to improve its 
5 accuracy. 

It is an advantage of the present invention that the calFRate is very effective in 
improving the yield in units, compared to that caused by using single parameters in 
evaluating units. 

10 It is a further advantage of the present invention that units are screened more 

accurately, thus resulting in less "overkill" and therefore less waste. 

It is another advantage that there is no limit to the number of parameters that can 
be used. 

It is yet another advantage of the present invention that various parameters are 
1 5 able to compensate for each other in the component, and the present invention allows for 
this compensation to provide improved yields over systems in which parts are screened 
on the basis of single parameters without regard to these compensation factors. 

It is a further advantage that the present invention considers components on the 
basis of multiple parameters to make screening decisions, rather than having parts 
20 screened out in a defined linear sequence, therefore producing higher yields. 
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These and other features and advantages of the present invention will no doubt 
become apparent to those skilled in the art upon reading the following detailed 
description which makes reference to the several figures of the drawing. 

IN THE DRAWINGS 

The following drawings are not made to scale as an actual device, and are 
provided for illustration of the invention described herein. 

Fig. 1 is a graph of Probability of Failure of the HDD Assembly vs. AmpHtude, as 
an example of a single performance parameter used in the calculation by the present 
invention; 

Fig. 2 is a graph of Probability of Failure of the HDD Assembly vs. Recession, as 
an example of another single performance parameter used in the calculation by the 
present invention; 

Fig. 3 is a graph of Probabihty of Failure of the HDD Assembly vs. the 
projectFRate Figure of Merit, used by the present invention; 

Fig. 4 is a graph of Probabihty of Failure of the HDD Assembly vs. the calFRate 
of the present invention; 

Fig. 5 is a graph of %Gain in HDD yield vs. %Loss in component yield 
comparing the percentage gain (% Gain) which is the improvement in yield in the larger 
assembly vs. the % Loss, which is the percentage of the population screened out 
produced by various single parameters used by the present invention, and then by the 
calFRate method; and 
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Pig.6i.aflowohartof*.cmajc, stages involved inftcmettodotmepresen. 

invention. 




A, discussed above. ft.re a« multiple factors .hat can be observed as me criteria 
f„rthe.valuatingtheprojectedpertonnanceofel.tronicc„n,ponen.s.andtheprocess 

canbec„n,ever.eo„,plex,withn.„ltip.eparan.eterstobeconsidered.As,tisnnpor.an. 

U.potentiallydefeotivecon,ponentsbescreenedou,,i.isalsoin,portan.that„«^ 
eon.ponentsbeevaluatedinan«nnerwbichdoe.n„texdudetoo.anyw«n>ay,n 

practice turn out to be acceptably reliable. 
0 Re.„mingto.heexampledisc«ssedabove.adisl.drivereadheadmayhave, 

among other qualities, the dualities of 1) anrplitude, meaning the anrpUtude of the signal 
1, is capable of producing in a nnifomt ,«asi-sta.ic n^gnetio held, and 2) recession, 
meanhtg the relative amount of distance that the head is positioned relative to the data 
medium ti«t it is reading. Separate criteria for amplitude and recession may be 
,5 est^Ushed so tirat any component with a parameter value of 5 or bener is acceptable, 
wbile components with a lesser value are rejected. However, there will exist some 
.mponentshtwhichthe^isacompensationeffecttothesetwofactorstiratcanbe 

considered. Forexamplcacomponentmay have anunaccep.able.—nvalue-of4. 
but have an "amplimde value" ofT.meamngtirattheheadrecessionplaces it farther 

20 away tiuu. is desirable, but the amplitude of signal generated may be large enough 
compensate for tins, so tirat. altitough the magnetic field ti.t drives tite head may be 
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attenuated by too great a distance between the sensor and the media, the signal that it 
produces is large enough that the end result will be acceptable. A system that rejects this 
component on the basis of the single "recession value" will be wasting a component that 
in practice may function perfectly. 
5 In the current manufacturing process, there may be 28 or more such parameters to 

take into account. It can easily be seen that if each component is assigned a pass-fail 
judgment based on these parameters considered independently, many components will 
fail needlessly and yields will be lower than necessary. 

The present invention presents a method for considering and assigning values to 

10 multiple parameters and considering them in combination to produce improved yields 
and improved quality of components. 

Taking again as an example a Hard Disk Drive (HDD) having a particular model 
of read head, it will again be assumed that amplitude and recession are two parameters of 
interest. Advances in parts tracking and data acquisition have now made it possible to 

1 5 track individual components such as read heads through testing cycles both at component 
level and in the assembled HDD. For each head, its performance in the HDD and 
whether the HDD passes or fails its own testing is known. Thus, combining the results of 
component-level and HDD-level testing, it is possible to assign each head a calculated 
failure rate assessment, or probability of the component failing in the HDD. In the 

20 discussion below, likelihood of failure will be discussed in terms of Probabihty of Failure 
of the HDD assembly, which is other way of saying the HDD yield loss per head. 



HSJ9-2003-0179US1 (60717-342101) 



8 



Given an HDD model, for a single parameter Xj, the known probability of failure 
is /(Xi) based on actual HDD failure sensitivity to the parameter. 

When considering multi-parameters, i = 1, 2, . . ., Np, the "projected failure rate" 
(projFRate) is defined as: 
5 projFRate = 1 - { [l-/(xl)] * [l-/(x2)] * ... * [l-/(xNp)] } ** (1/Np) 

Returning to our example, and considering Figs. 1 and 2, Fig. 1 shows a graph of 
data gathered from testing previous batches of HDD read heads of a certain model. This 
data concems the single parameter of amplitude and shows the corresponding probability 
of HDD failure for the range of amplitudes. This data has been compiled and graphed 
10 into a curve representing Probability of Failure vs. Amplitude 10. It is expected that 

components outside of a certain range will be unacceptable on either end of the range, so 
that for example heads with amplitude below 450 and above 750 will be routinely 
discarded. It should be noted that the units here are arbitrary and do not correlate to any 
particular units or experimental data actually recorded. They are used for the sake of 
1 5 illustration only. 

A particular head is now fabricated, which in this case is assumed to have tested 
to have an amplitude of approximately 520 units. Referring to the chart of data in Fig. 1, 
an HDD built with this head will be expected to have a corresponding probability of 
failure in its testing of approximately 14%. Thus, xi 12 in this example will equal 520 
20 and /(xi) 14 =14%. 

Tuming to Fig. 2, a graph has been compiled of the expected failure rate vs. the 
parameter of "recession" to yield the curve of Probabihty of Failure vs. Recession 16. 
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^ U>e re^ head . tested. »d yields a recession value, in .his case Measunng 
app^xi— , .00 units (once again units are arhittary, and a corresponding prohahiUty 
of failure in HDD testing of approximately 25%. Thus. . IS =100 and /(x.) 20 =.25 
As^g for this example that there are only these two paramet«s of mteres, 

using the formula yields: 

projFRate=l-{[l-.14ini-.25]}**(l/2) 

= 1 - { [.86] * [.75] } ** (1/2) 
= 1 - {.645}** (1/2) 

= 1-. 80 = .20 = 20% 
mssameme.hodisusedforwha.everparametersofinterest.heremaybe.h. 

U,iscase.itises.imateda«t*eremayhe28diff««t.«..orss„^whichhaveheen 

identified. lnliltefashion.forasinglehead,eachof*eseparameterswillhcmeasured. 

and an associated probabihty of HDD test failure detennined .om compilaUons of data. 
^e.28factorsaremul.ipUedtogetherandth«>.he28"'roo.ta.entogiveanoverall 

15 projected failure rate number. 

The components can then be •'binned" accordingly. 
TOsprojFRa.cmaynotco,respondtoanac«.alfailurera.e.andn>aybe 

considered more as a Figure of Ment (FOM) than a literal percentage, and ,»ill be 
.ferred.oassuchinthefo,lowh.gdiscussion.AsshowninFig.3,thecorrespondmg 

20 probabiUty of HDD test fa.lure for a FOM of 0.13 corresponds well to a 12-13% HDD 
,eatfailnrerate.hu.inotherareas,suchasFOMof0.15,thereisacorrespondingHDD 

,es. tailure rate of 23./.. and at FOM of 0.1 7, to curve becomes unstable due to the 
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failure rate v.. Figure of Merit (FOM) » is shown with U,e example FOMl 24 of 
0 .45 corresponding .o a ProbabiUty of Failure Fl 26 of approxim^ly 20%. Tire 
i^iU.ya.bo«>«K.sof.hecurveareapparen.lya.«.efla„enedporUonbe,ow 

5 FOM=0.1 1 and above FOM=0.16. 

f „roiPRate FOM is then smoothed and adjusted 
The actual sensitivity curve for the projFRate tUNi 

.«.a.«.escale.o„.o«raxescorre.a,e.e«er.™sprod„ces.heCa.euia.edFai,ureKa,e 
„.camRa«curve28whichisshowninFig.4.1.canbeseen««.«.ecorre.a.o„ 
be^veen are calFRa.eandareHDDtes.M»rera.eismuoh closer after Urese 

10 adjustments. 

tbe calFRa^ is very effeeUve in improving Ure yield in disk drives, compared .o 
«.a.c^byusingsingleparame.ers.evalua.ingcomponen..Fig.5sho.sagrapb30 

of./. Gain which is«Kimp™v»„en. inHDD.es. yield vs. fl,e%Loss, which is*e 
percen.ageof«>epop«la.ionscrce„edou..Eigh.curvesa«drawn.sevenofwhichare 

,5 based on single parameters 32 such as ampUrude, asymme^y. and recession, and me 
eigh«,,a.«.e.p,ismecaiFRa.e34.Theexac.valuesof«>eseareno.impor.an.torm.s 

.tscussi„n,bu.i.isobviousa..*ereisagrea.improvemen.in%GainwhenusingU.e 
„ For example, it 20% of .he component are screened ou. due ,„ any one of d,e 
^gle parame^rs. fte %«air, or improvemen. in HDD res. yield is less than 1%, as 
,0 *ownby.hedashedoval3«on«,egraph h, con«as.. .he -/.Gain when using *e 
is around 2.5% for a 20% I.ss figure, as indicared by *e dashed circle 38. 
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1. Should be noted .ha. fl,e proJeCFIUe, caff Rate, or any oUter function of [1-/ 
(x.„. • - ' l.-/(KNp)l.oanaUbegenerailyr=fe.edtoFi^sofMeri.. 

Which is generally any assigned valuethatcanbensed to sortorbinitems. 

T^eprecedingdiscussionhas emphasized evaluationofbinningsingle 

5 components, bu, the same method may be used in evaluation of assembUes of 

eomiK,nen.s.Gene,a.ly..heassembliesca.betestedonavarietyofparame,ers.da.a 

gathered ».dsraphed.Theparametersofin.e,cstcanbc.estedforanassembly,saya 

ais. drive, the pt^babiUty of failure at a subse,uent step (e.g.. field failure rate or bum-m 
.es,fail.«ratc)assignedforeachoftheseparameters.audacalFKatecalc„latedforthe 

10 multiplcparameters — intheass^nbly. And. as will be obvious to on. sldlled m 
.ear..thiscanthenbeexpandedh,scopet„coverent^dev.ce.whicharecomposedof 

^Ues.Forpurposesofthtspa.entapplica.ion,Wwil,beusedasanoverall 

.,™whichcanmeancomponen.s.assembUesordeviceswhichareproducedbya 

manufacturing process. 

Pig eshowsaflowchartSOofthemethodforimprovingyiCdsofmanufactured 

^.softhe,resentinve„.ion.Firs..param.ersareidentiaedwhicha,fcc.performanceat 

a subsequent step irt the process 52. Then data is collected concerning indrvtdual 
performanceparame.ersS4.Ne.t.areferencescaleiscreatedwhichcorrelates.he 

i„dividnalparameterswithprobabili.yoff..ureatasubse,uents.epin.heprocess56.A 

,„ manufacturedunrtisthentestedtocollectperformancedataconcemingtwoormoreof 

,.eindividualparame.ers.^mthismanufactur^un.t58.Perfonnancedataconc«ning 

,„o or more of the h,div,dua, parameters (x„ in the preceding discussion) ftom the 
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„ffti.urc(.(.)i««.epreceai„sai— ,foreaehof.hesi„g.eper— 
p_e.e.60. AF.gu.ofMeH.,pref«b.yap«.jec.FRa.va.ue,isca.c«.a.ed 
eo^S-p.epcrfonn.cep^e.e.^»*ep«om.^..eacHo. 

. ThU is done by using the formula discussed 
the single performance parameters 62. This is done oy 

previously, namely: 

p„=lMl^/(xl)3n^/(x2)r•••nl-^^^^^^^ 

msprojectFRate value canthenbeuseddirectlytosortunits 64, the 

f .ritrFOvn which does not exactly correlate to a yield 
projectFRate acting as a figure of ment (FOM) whicn 

loss percentage, as discussed above. 

T.e.«ed»„i.may«>e„beassi^ed«bUesordev.cesbasedonme,r 

rather than by individual parameters. 

The p— ce of *e »i« m to ««t higher a^embly or as completed 
aeviceso»to.emeas^.»sFOMorproiec.PRa.ecanopUona..yherefin^by 

„ea,„ri,,S.eper„of.e.rred^.«.ah-.»S*i--oad....e.OMor 

,„ ^,ee.K.e.S. h.d..oa.e.eronnu,a*cve™v.eaa3....yaaa..or« 
.„e,ae.r.or,n«bya„a«ohfac.orroproduoe.„oreaccurareresu,.. 

™.processeanherepearedunm«herUeraao„syie.dinsig„ificanti".P— 
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Also optionally, this projectFRate Figure of Merit can be used in other ways to 
produce other figures of merit or expected probabilities of failure. The projectFRate can 
then be correlated with a probability of failure so that, as in the example discussed above, 
a FOM of 14.5 yields a corresponding probability of failure of 20%. This percentage 
5 figure can then be used to sort the units. 

Alternately, the projectFRate can be adjusted to produce a calFRate, with 
associated percentage, which can once again be used for sorting units. 

In both cases, in a similar manner to that used in refining the projectFRate, the 
performance of the sorted units can again be measured and this data used to adjust the 
10 probability of failure and calFRate respectively. 



The requirements for application of the method include that data is available for 
parameters involved in the component, as well as for performance of the component at a 
subsequent step in the process, and the data used to generate probability of failure at a 

15 subsequent step or some such reference scale, for the component assembly or device. The 
system must have adequate traceability of parts, such that the data on these parameters 
can be associated with the individual component, assembly or device, and this data must 
then be retrievable and able to be compared with the reference scale and a probability of 
failure as a fimction of an individual parameter be assigned. The individual parameter 

20 failure rate values are inserted into the multi-parameter projected failure rate equation to 
yield a projFRate Figure of Merit. This can then be corrected to yield a calFRate, or used 
to produce a correlation of actual failure rate, or used directly as a FOM for binning 
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purposes. The inventors estimate that using a binning system based on this method, in 
the disk drive head industry, HDD yield gains of 0.9-2.1% per head can be produced with 
no additional component-level yield loss. If used with techniques to optimize 
specifications, the improvement can be even higher. 

5 

While the present invention has been shown and described with regard to certain 
preferred embodiments, it is to be understood that modifications in form and detail will 
no doubt be developed by those skilled in the art upon reviewing this disclosure. It is 
therefore intended that the following claims cover all such alterations and modifications 
10 that nevertheless include the true spirit and scope of the inventive features of the present 
invention. 
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